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STATEMENT OF DISCLAIMER
This project report is a result of a class assignment; it has been graded and accepted as
fulfillment of the course requirements. Acceptance of this report in fulfillment of the course
requirements does not imply technical accuracy or reliability. Any use of information in this report
is done at the risk of the user. These risks may include, but may not be limited to, catastrophic
failure of the device or infringement of patent or copyright laws. California Polytechnic State
University at San Luis Obispo and its staff cannot be held liable for any use or misuse of the
project.
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EXECUTIVE SUMMARY
The Berkley (aka the Silverton Timeshare Tower) was reviewed for compliance with the code of
record. This included review of the full architectural set of drawings, as well as the available Fire
Protection Report and Amendments that were issued prior to and during construction. This
analysis has been slowly performed throughout the extent of my graduate career at California
Polytechnic State University, San Luis Obispo (Cal Poly), and has been in depth for each
applicable area of study. Each of the studies performed will be reviewed in the applicable
sections below, be it for prescriptive analysis of the existing facility or a performance-based
analysis of theoretical worst-case scenarios.
A thorough review of the facility was conducted over the course of several years, comparing the
available construction documents to the code of record, local building amendments, and
applicable highrise provisions. The occupancy classifications, finish requirements of the specific
occupancies, and the ability of those occupancies to exit the facility was also reviewed in depth
for the building. Other major building systems, such as the structural fire resistance, fire alarm
and sprinkler systems, elevators, emergency power, and smoke control were reviewed in detail to
determine their compliance with the applicable codes.
Although The Berkley was found to be in substantial compliance with the code intent, there are
issues that were discovered within the documentation that show the building is not completely
code compliant within several areas. These issues were not able to be field verified and may
have been corrected during or after construction; specifically, the placement of exit signs appears
to be deficient based on review of the egress and electrical drawings, and the placement of
audible notification appliances draws into question the capability of the fire alarm notification
appliances to meet the local decibel requirements. A review of the placement of additional exit
signs, as well as an intelligibility and audibility analysis of the residential corridors is
recommended.
Additionally, multiple performance-based calculations and simulations were conducted in order to
determine the efficacy of the prescriptive based construction. The goal of these calculations and
simulations was to determine if the Available Safe Egress Time (ASET) would be greater than the
Required Safe Egress Time (RSET), based on developed scenarios and selected tenability
criteria. These included a Contam model to validate the operation of the pressurized smokeproof
enclosures serving the facility, a Detection & Activation (DETACT) Excel model to determine the
activation time of the sprinkler system, a Pathfinder model to determine the time required for
occupants to exit into smokeproof enclosures after activation of an alarm signal, and a Pyrosim
model to determine the level of visibility within the corridor after ignition of the fire.
Through this performance-based analysis, it was shown that the selected fire activated a sprinkler
at approximately 83 seconds, with occupant notification beginning 90 seconds after that (for a
total time since ignition of 173 seconds). All occupants were able to exit the facility at a total time
since ignition of 533 seconds; unfortunately, the visible distance within the fire floors reached the
limits of tenability at 441 seconds, which would leave 6 occupants within the corridors at that time.
Based on the performance analysis that was conducted, there are several areas that could be
reviewed for improved performance of this analysis. The fire itself could be reviewed for validity
as a scenario, and possibly reduced. The retard time for the sprinkler waterflow alarm signal
transmission was specified to be the maximum allowed 90 seconds; many times, the activation is
much faster than this, but not permitted to be faster than 30 seconds. Additionally, more data
could be provided for the occupant pre-movement time; as it was provided in the SFPE
Handbook (Society of Fire Protection Engineers), occupant response was only capable of being
simulated as a uniform distribution, which is less indicative of actual human response than a
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normal distribution. While the fire size may not be reduced, introduction of faster building system
and human response times may reduce or eliminate occupancy of untenable spaces.

INTRODUCTION
The Silverton Timeshare is an 18-story, Type IA residential building (17 construction stories, there
is no named 13th floor) located on the Silverton Hotel and Casino property in Las Vegas, NV.
Timeshare residences constitute most of the occupancy of the building, with accessory business
and assembly occupancies on the first floor for sales and recreation. The 17th floor extends
across the north half of the tower only and is open to the 16th floor via an open stair.
The ground floor detached trellis structures, detached pool building, exterior awning structures,
and roof level monument sign are not discussed in this report.
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The first floor (Figure 1) is 26,778 square-feet, and contains residential, assembly, and business
occupancies.

Figure 1, 1st Floor Layout
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The second to sixteenth floors (Figure 2) are 24,248 square feet and are primarily residential, with
several accessory storage occupancies.

Figure 2, 2nd to 16th Floor Layout
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The seventeenth floor (Figure 3) is 24,174 square feet and contains primarily residential
occupancies with several accessory storage occupancies. The 17th and 18th floods communicate
via an open exit access stair at the center of the tower.

Figure 3, 17th Floor Layout
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The eighteenth floor (Figure 4) is 13,707 square feet and contains primarily residential
occupancies with several accessory storage occupancies.

N

Figure 4, 18th Floor Layout
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The penthouse floor (Figure 5) is 1,184 square-feet and contains primarily storage and MEP
occupancies.

Figure 5, Penthouse Floor Layout
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The overall building height is approximately 170-feet. A building elevation is shown below in
Figure 6.

Figure 6, Building Elevation

The primary occupancy of the building is R-2 as a timeshare-based facility. As a whole, the
facility is not extra-ordinary in any particular fashion for the region, as large hotel and
condominium towers have been present for decades.
This report will review the prescriptive codes required for the construction of a facility of this type,
as well as the observed compliance of the facility through the review of record documentation.
The conducted review was comprised of the codes listed in the next section (Prescriptive
Analysis, Applicable Codes, pp 13). This review includes analysis of the applicable code sections
as required for the building Highrise Provisions, Occupancy Classifications, Structural Fire
Resistance, Interior Wall and Ceiling Finishes, Egress Systems, Sprinkler & Fire Alarm Systems,
Smoke Control Systems, Emergency Power Systems, and Elevators.
In addition, a performance-based scenario will be discussed, validating the performance of the
prescriptive life safety systems through multiple calculations and simulations performed together.
A Contam analysis will verify that the stairwell pressurization system serving the smokeproof
enclosures will function under the worst case weather conditions, a DETACT Excel sheet will be
used to calculate the activation time of a sprinkler head, a Pathfinder model will be performed to
determine the time required for occupants to exit the facility, and, finally, a Pyrosim model will be
generated to determine the time available for occupants to exit the facility. These models will be
used to determine the Available Safe Egress Time (ASET) as well as the Required Safe Egress
Time (RSET) and compare the two to determine if ASET is greater than RSET. The next section
of this report will begin the analysis of the facility on a prescriptive basis. The first topic to be
discussed will be the applicable codes and their local amendments.
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PRESCRIPTIVE ANALYSIS
Applicable Codes
The following Codes were applicable for construction of the facility:
•
•
•
•
•
•
•
•
•

International Building Code (IBC) - 2012 Edition with Clark County / Southern Nevada
Amendments (SNA)
International Fire Code (IFC) - 2012 Edition with Clark County Fire Prevention Bureau
(CCFPB) Amendments
Uniform Mechanical Code (UMC) - 2012 Edition
National Electric Code (NEC) - 2012 Edition
Clark County Building Administrative Code (CCBAC) - 2010 Edition
ICC/ANSI A117.1- 2009 Edition
NFPA 13 – 2010 Edition with CCFPB Amendments (Sprinklers)
NFPA 14 – 2010 Edition with CCFPB Amendments (Standpipes)
NFPA 72 – 2010 Edition with CCFPB Amendments (Fire Alarm)

Although other systems serving the facility are constructed with additional NFPA and other source
documents as a matter of standard practice, the jurisdiction does not directly adopt many NFPA
standards for individual systems. The IBC references many of these NFPA codes and it is
viewed that they are to be followed as such. Many relevant codes are not referenced within this
section as they are not directly adopted by the jurisdiction.
The highrise requirements for this facility, as well as the local amendments to those provisions,
will be discussed following a review of the applicable codes.

Highrise Provisions
The Berkley is classified as a highrise facility according to the definition in IBC Chapter 2. This
classification presents a set of unique challenges not normally seen in most facilities. The
building code does, however, have provisions built-in for these types of buildings; in addition, the
local jurisdictions have made some modifications to the building and fire codes with regards to
highrise facilities within their border.
Southern Nevada jurisdictions have adopted a modified definition of highrise facility. Whereas in
IBC Chapter 2, a highrise is defined as a building with floors 75-feet above the lowest level of fire
department access, the local requirements have reduced this to 55-feet. This change does not
have any impact on the facility itself, as it also contains floors above 75-feet.
Smoke removal is required to be provided for the facility via natural or mechanical means. If, as
in this case, a mechanical smoke removal system is provided, the local jurisdiction has heavily
modified IBC Section 403.4.7 to specify the requirements of installation and operation of such a
system. This system is discussed in further depth in the Smoke Removal & Smoke Control
section of this report (pp 42).
The building hoistways and stairwells are required to be designed with increased structural
integrity to withstand impact, meeting a Level 2 classification as measured by ASTM C
1629/C1629 M. Spray-applied fire-retardant materials are required to meet bonding strength
requirements to ensure the material stays in place on the required members. A full coverage
sprinkler system is also required to be provided throughout the building, along with a required
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secondary water supply. Other safety features that are required to be provided for high-rise
facilities include, a fire alarm system with emergency voice alarm communication capability, a fire
command center, a standby (generator) system, an emergency responder radio coverage
system, and (as a local requirement) Class I standpipes in ever stair level landing throughout the
tower with additional coverage interspersed as necessary.
In addition to many upgraded system and construction requirements, the interior exit stairways
are required to be separated by a distance of not less than one-fourth of the length of the main
dimension of the building.
Highrise buildings can be an interesting challenge to design and construction properly. The
costs, care, and maintenance of these systems are paramount, as has been demonstrated locally
before. Many of these requirements stem, unfortunately, from past events, but all have good
reason to be present within a building of this type.
This highrise facility contains several different occupancy types, the requirements of which will be
discussed below.

Occupancy Classifications
The facility was designed as a non-separated mixed-use type facility and contains multiple
occupancy classifications, as detailed in Table 1.
Table 1, Occupancy Classifications
Room Use
Occupancy Classification
1) Residential Timeshare Units
R-2
2) Mechanical / Electrical Rooms
Accessory
3) Storage
S-1
4) Timeshare Sales / Gym
A-3
5) Offices
B
The Timeshare Sales and Offices occupancies are only on the ground floor, primarily on the east
side of the tower. There are Residential Units on the west side of the first floor of the tower, and
Mechanical, Electrical, Fire Pump, Fire Command Center, and Storage rooms throughout the first
floor. Residential units comprise the majority of the remainder of the upper floors of the tower,
with Storage and Mechanical / Electrical rooms interspersed throughout the tower and on the
roof.
A separate storage and mechanical pen was placed outside of the tower, on the ground floor.
This pen contains the emergency generator and a minimum 8-hour diesel fuel supply.
Review of the drawings for the facility has shown that all of the documentation agrees regarding
the intended uses and occupancy classifications. The next section of this report will discuss the
structural fire resistance requirements of the building, as driven by the selected occupancies
within this section.

Structural Fire Resistance
As the building’s largest gross floor area is 24,248 square-feet, is an R-2 occupancy, and is
equipped throughout with an automatic sprinkler system (which allows a 200 percent increase in
building area) construction types IA, IB, IIA, IIB, IIIA, IIIB, IV and VA are permitted based on
square footage, per Table 2. As the building is 17 stories in height, is an R-2 occupancy, and is
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equipped throughout with an automatic sprinkler system, per Table 2, construction type IA is the
only permitted construction type based on the number of stories.
Table 2, Excerpt from IBC Table 503

As the building is approximately 170-feet in overall height, is an R-2 occupancy, and is equipped
throughout with an automatic sprinkler system, per Table 2, construction types IA and IB are
permitted based on building height. Since the number of building stories is the limiting factor in
determining the construction type, only Type IA construction was permitted for the building.
Per IBC Table 601, the primary structural frame for a Type IA building is required to be 3-hour
fire-resistance rated. Addendum A to IBC Table 601 states that where structural frame members
only support a roof structure, the resistance rating may be reduced by 1-hour, as detailed in Table
3.
Table 3, IBC Table 601 – Fire Resistance Ratings for Building Elements

As the roof of the building supports the central plant structures and equipment, corridor HVAC
system, smoke removal system, general building exhaust, elevator machine room, electrical
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room, and an emergency electrical room and is accessible as a walking surface for maintenance
purposes, it is considered as a floor, and the structural fire resistance of the supporting members
was not reduced per Addendum A to IBC Table 601.
Per IBC Table 601, the exterior non-bearing partitions of a Type IA building are required to
comply with the provisions set forth by IBC Table 602, per IBC Table 601. Table 602 defines the
fire-resistive requirements of exterior walls based upon fire separation distance, which is shown in
Table 4.
Table 4, IBC Table 602 – Fire Resistance Rating Requirements Based on Separation Distance

As the fire separation distance of all exterior non-bearing partitions is greater than 30-feet, and
the primary occupancy of the building is an R-2 occupancy, the exterior non-bearing partitions are
not required to be rated.
The building contains, on the ground floor, several business and assembly occupancy areas. If
evaluated independently, the B and A occupancies on the first floor that contain exterior nonbearing partitions have fire separation distances exceeding 30-feet; therefore, Per IBC Table 602,
the exterior walls at these areas are not required to be rated.
Per IBC Table 601, the exterior bearing partitions of a Type IA building are required to be 3-hour
fire-resistance rated. IBC Section 403.2.1.1(1) permits high-rise buildings less than 420-feet in
height to reduce the fire-resistive construction rating of the exterior bearing partitions to be
reduced to the minimum ratings of Type IB construction. As a result of this section, the fireresistive construction rating of the exterior bearing partitions may be reduced to 2-hours, as
specified in IBC Table 601. Addendum F to IBC Table 601 states that fire-resistive construction
ratings may not be less than those required by the separation distance requirements specified in
IBC Table 602. As the separation distance of any exterior bearing partitions is greater than 30feet, per IBC Table 602, no increase of fire-resistive construction is required for the exterior
bearing partitions. The building is supported by a primary structural frame consisting of CIP
columns and shear walls; as such the main building does not incorporate exterior bearing
partitions and the aforementioned sections and details are not applicable to the main construction
of the building.
The exterior walls of multiple exterior section of the facility (fire command and electrical rooms)
were not constructed with 2-hour fire resistive exterior bearing walls. As these rooms support a
roof only, they are only required to be provided with 1-hour fire-resistive construction, unless
otherwise required.
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The separation distance to all sides of the building is greater than 30-feet; as such, there are no
additional fire-resistance rating requirements for exterior walls (IBC Table 602) beyond those
specified in IBC Table 601.
Per IBC Table 601, the interior non-bearing partitions of a Type IA building are not required to be
fire-resistance rated. Addendum E to IBC Table 601 states that fire-resistive ratings of interior
non-bearing partitions may not be less than as specified in other areas of the code. There are
many special use areas in the building that are comprised of interior non-bearing partitions.
These special use areas will be addressed in later sections of this report. As the primary
structure is supported by cast in place steel reinforced columns, all interior walls are considered
non-bearing and are not required to be fire-resistance rated.
The building was provided with several special separation requirements for specific rooms, as
shown in Table 5 below.
Table 5, Fire Resistance Ratings of Special Use Areas
Room Type
Rating
Code Section
1) Fire Pump Room
2-hour
IBC 913.2.1
2) Electrical Rooms
1-hour
NFPA 70 450.21.B
3) Emergency Electrical Rooms
2-hour
NFPA 70 700.10.D.2
4) Fire Command Center
1-hour
IBC 911.1.2
5) Trash / Linen Rooms
1-hour
IBC SNA 713.13.3
6) Fire Alarm Rooms
1-hour
IBC SNA 713.13.3
7) Termination Rooms
2-hour
IBC SNA 713.13.4
8) Residential Corridor
30-minutes
IBC Table 1018.1
9) Tenant Demising Walls
1-hour
IBC 711.3
10) Smokeproof Enclosures
2-hour
IBC 909.20.2
The building is permitted to contain any number of occupancies in a non-rated manner. As such,
it appears that the facility was design appropriately as a non-separated mixed-use building.
Per IBC Table 601, the floor structures of a Type IA building are required to be 2-hour fireresistance rated. IBC Section 403.2.1.1(1) permits high-rise buildings less than 420-feet in height
to reduce the fire-resistive construction rating of the floor structures to be reduced to the minimum
ratings of Type IB construction. As a result of this section, the fire-resistive construction rating of
the floor structures was permitted to be reduced to 1-hour, as specified in IBC Table 601.
Per IBC Table 601, the roof structure of a Type IA building is required to be 1.5-hour fireresistance rated. IBC Section 403.2.1.1(1) permits high-rise buildings less than 420-feet in height
to reduce the fire-resistive construction rating of the roof structures to be reduced to the minimum
ratings of Type IB construction. As a result of this section, the fire-resistive construction rating of
the roof structure of exterior accessory rooms were permitted to be reduced to 1-hour, as
specified in IBC Table 601. Addendum B to IBC Table 601 allows buildings of occupancies other
than F-1, H, M and S-1 to remove the fire-protection construction rating of structural members
where the roof is 20-feet or more above the floor below. This applies to both IA and IB
construction types. As the roof structures of exterior accessory rooms of the building are not
greater than 20-feet above the floors below, the fire-resistive construction rating of the roof
structures cannot be removed. As a result, the fire-resistive construction rating of the roof
structures for exterior accessory rooms is maintained at 1-hour.
Various types of shafts are contained within the building. Elevator shafts, ductwork shafts
(general exhaust, HVAC, stair pressurization, and smoke removal), a trash shaft, and a laundry
shaft all penetrate more than four (4) stories of the building, as they all extend from the top of the
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building down to grade. As such, all of these shafts are constructed to have a fire-resistive rating
of not less than 2-hours, per IBC Section 713.4.
Overall, the facility was constructed in compliance with the required fire resistance rating for all
the facility components. The next section of this report will discuss the compliance requirements
of the interior finishes installed within the property. This will include the performance
requirements of the individual finishes for each type of application.

Interior Finishes, Furniture, Fixtures, and Equipment
The interior finishes of The Berkley are not out of the ordinary in any fashion. The facility is
predominantly covered on the interior with tile, carpet, textured & painted gypsum walls and
ceilings, as well as acoustical tile ceilings. Service areas are typically provided with bare, noncombustible construction. There is no textile or expanded vinyl wall covering, excessive amounts
of trim (plastic or otherwise) or decorative wall coverings or ceilings. The interior wall and ceiling
finishes within the facility are required by IBC Table 803.9 to be a minimum of Class C for all
interior areas, and Class B for all exit passageways and exit stairways. These classifications can
be found in Table 6 below.
Table 6, IBC Table 803.9 – Interior Wall and Ceiling Finish Requirements
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Class C finishes are required to have a flame spread of 76-250 and a smoke development of less
than 450. Class B finishes are required to have a flame spread of 26-75 and a smoke
development of less than 450. It should be noted, that Class A finishes are also required to have
a smoke development of less than 450; the amount of smoke developed has no bearing on the
finish classification as long as the smoke development values is less than 450. Acoustical tile
ceilings are traditionally considered to be non-combustible, and gypsum board walls with textured
finish (which is traditionally sprayed and knocked-down plaster) are less than 0.9mm thick, which
exempted the paint from finish requirements, per IBC Section 803.2.
Flooring finishes are governed by IBC Section 804. Flooring finishes such as wood, terrazzo,
concrete, and tile are not required to pass the DOC FF-1 “pill test” or ASTM D 2859. The carpet
finishes, however, were required to pass either of these tests to be permitted to be installed.
On the whole, the installed finishes within The Berkley are not exceptional and do not require
special consideration. All of the installed finishes are typical and normal for a facility of this type,
and do not require special suppression features to mitigate a fire event.
Clark County does not regulate furniture, fixtures, and equipment installed within facilities, as it is
typically assumed that the items installed therein will be verified by field inspectors to be certified
to the required standards, such as the UL 267 Standard Method of Test of Fire Characteristics of
Mattresses and Bedding Assemblies Exposed to Flaming Ignition Source. No studies on the
furniture to be installed within the facility were performed. The next topic of discussion in this
report will be an analysis of the Egress Systems serving the facility, which relates to the type of
occupancies contained within the building and focuses on the number of occupants and their
ability to exit the facility.

Egress Systems
The egress systems serving the facility were all design prescriptively. The building does not
contain any excessively long travel distances but does have a local amendment to the
requirement for a second exit for R occupancies, increasing the required occupant load from 10
to 20 in IBC Table 1021.2.2.
The facility was loaded with occupants as required by code and has been provided with sufficient
exiting for the maximum required occupant loading. No increased occupant load factors were
used in the design of the building in accordance with IBC Section 1004.2. The occupant load
factors within the tower are as shown in Table 7 below.
Table 7, Occupant Load Factors by Occupancy
Occupancies
Residential Timeshare
Business
Assembly
Mech / Elec / Telecom
Storage / Trash
Linen

Load Factor
200
100
15
300
300
300

Per the Exception to the 2012 IBC Section 1005.3.2, as the facility does not contain H or I-2
occupancies and is provided throughout with an automatic sprinkler system, the use of 0.2 in per
occupant for exit stair widths and 0.15 in per occupant for exit door widths is permitted. Every
floor within the facility was provided with sufficient exiting capacity for the determined occupant
load. A table detailing the occupant loads and exit capacities of each floor can be found in
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Appendix C of this report. Example figures of the first floor occupant loads are shown below in
Figure 7. A typical tower floor is shown in Figure 8 on the following page.

Figure 7, Level 1 Occupant Load and Exit Capacity
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Figure 8, Typical Floor Occupant Load and Exit Capacity
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The first floor of the building is provided with twenty-one (21) separate exits serving a variety of
occupancies, as shown in Figure 9. The two (2) main exit stairs serving the hotel tower discharge
exterior to occupancies of the first floor. The west stair serves levels 2 through 17. The east stair
serves levels 2 through 18; the 18th floor only spans the east half of the tower on this floor. The
mechanical penthouse areas are served by an exit access stair which discharges at the core of
the 18th floor; the east exit and an additional access stair that connects to the core of the 17th floor
are both available means of egress from this point.

Figure 9, First Floor Exits
As an additional provision of the facility containing an automatic sprinkler system, per Exception 2
to 2012 IBC Section 1015.2.1, the separation of exit doors and exit access doors is permitted to
be 1/3 of the building diagonal instead of 1/2 of the main building diagonal. As the exits serving
the tower are on opposite ends of the facility, they more than meet the required separations. The
first floor sprinkler layout can be seen in Figure 10.

Figure 10, 1st Floor Sprinkler Layout
The facility does not contain any dead ends, and all doors within the building swing in the
direction of egress. As each floor is required to be provided with more than one exit, every floor
is provided with exit signage. It has been noted, through review of the design drawings, that
there is an inconsistency in exit sign placement between the exiting diagrams and the electrical
diagrams. The electrical diagrams show exit sign placement in excess of 100-feet, whereas the
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egress drawings show code compliant exit sign placement. As site observations were
unavailable, the actual conditions within the facility were unable to be determined.
All necessary signage providing the required level and roof access information within stairwells
was indicated as provided on the record drawings. In addition, signage was indicated as being
provided on the Fire Command Center, Fire Pump Room, Emergency Electrical Room, Generator
Enclosure, and Fire Department Connection for the facility. Overall, the means of egress
systems serving the facility appear to be compliant with the code requirements. Occupant loads
for the respective floors are show in Tables 8, 10, 12, and 14 below. Exit capacity is shown in
Tables 9, 11, 13, and 15 below.
Table 8, Occupant Load, 1st Floor
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Table 9, Exit Capacity, 1st Floor
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Table 10, Occupant Load, 2nd - 16th Floor

Table 11, Exit Capacity, 2nd - 16th Floor
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Table 12, Occupant load vs Exit capacity, 17th Floor

Table 13, Exit Capacity, 17th Floor
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Table 14, Occupant load vs Exit capacity, 18th Floor

Table 15, Occupant load vs Exit capacity, 18th Floor

No areas are underserved by common path of travel or exit access travel distances and no deadend conditions exist within the building, as shown in the figures above. As every floor has an
occupant load greater than 50, they are all required to be provided with two (2) exits, with all
doors swinging in the direction of egress travel, per Table 16 on the following page.
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Table 16, IBC Table 1015.1, Occupant Loads Requiring a Second Exit

In addition, as the tower exits are at each end of the facility, and at least two of the first floor exits
are at each end of the building. The facility has been provided with sufficient exit width for the
prescribed occupant loading. The next section of this report discusses the Suppression Systems
serving the facility, which has provided for the reduced exit separation as discussed within this
section. The next section will include analysis of the sprinkler and standpipe systems serving the
facility.

Suppression Systems
The building is provided throughout with an automatic, combined wet sprinkler and standpipe
system. Sprinklers are provided in all guestrooms, corridors, back of house areas, as well as all
public assembly spaces. The trash and linen chutes that serve the tower are also supplied with
dedicated sprinkler systems within the shafts themselves. The building does not contain any
specialty suppression systems such an ANSUL systems and was not provided with dry systems
for any part of the facility. Four (4) standpipe systems are provided within the facility, spaced
across the tower footprint to provide 100-feet of hose plus 30-feet of spray, to cover all areas of
the facility. Two (2) of the standpipes are housed in stairwells, one at each end of the building;
the other two (2) standpipes rise up through the tower at approximately 1/3 of the main length of
the tower from each end of the tower. This facility has been provided with two water supplies: a
municipal connection and a diesel powered vertical turbine fire pump fed from a secondary water
supply tank located below the fire pump room, as shown in Figure 11 on the following page.
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Figure 11, Fire Pump Room and Secondary Water Supply
The fire pump was sized to provide 1000 GPM at 225 PSI and was rated at 300 PSI at churn.
Two (2) municipal connections have been provided to the site loop from 12-inch water mains on
two (2) separate streets, per 2012 IFC Section 403.3.2. The secondary water supply tank
contains approximately 19,000 usable gallons, which is fed from one connection to the site loop.
A diagram of the site loop is shown on the following page in Figure 12.
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Figure 12, Site Loop
The secondary water supply will provide the required hydraulically calculated sprinkler demand,
as well as 100-GPM for inside fire hose use, for a minimum of 30-minutes, per 2012 IFC
9033.5.2, as amended by Clark County. The sprinkler system, at the base of the main riser, is
provided with a static pressure 232 PSI, a residual pressure of 212 PSI, at a flow of 400 GPM.
The Fire Protection Engineer of Record (FPEoR) specified the sprinkler system requirements for
the facility by occupancy classification, using the density / area method. As such, a minimum of 5
sprinklers were required to be calculated for each design area per NFPA 13 Section 11.2.3.2.3.2
(Figure 13, below).

Figure 13, 2012 NFPA 13 Section 11.2.3.2.3.2
The residential corridors, typical guestrooms, public assembly areas, business / office areas, and
stairwells / vestibules within the building were designed as Light Hazard areas, with a hydraulic
density of 0.10 GPM/sqft over the most hydraulically demanding 1,500 square feet. The Ordinary
Hazard Group I areas (Mechanical, Electrical, and other equipment rooms) were designed with a
hydraulic density of 0.15 GPM/sqft over the most hydraulically demanding 1,500 square feet. The
Ordinary Hazard Group II areas were designed with a hydraulic density of 0.2 GPM/sqft over the
most hydraulically demanding 1,500 square feet. The density / area curves for these design
densities is shown in Figure 14 on the following page.
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Figure 14, 2010 NFPA Figure 11.3.2.1.1 Density / Area Curves

Class I standpipes are required to be provided throughout the facility as the floor level of the
highest floor is greater than 30 feet above fire department access, per 2012 IFC Section 905.3.1,
as amended by Clark County. Standpipe design was driven by the requirement that all areas of
the building were within 100-feet of hose plus 30-feet of spray from the nearest standpipe
connection, per NFPA 14 Section 7.3.2.2 as amended by Clark County. As a result of these
requirements, the facility is provided with four (4) Class I standpipes, designed to provide 250
GPM at 125 PSI per standpipe, for a total of 1000 GPM.
Combination Sprinkler & Standpipe risers are provided at four locations within the tower: one riser
is within the west stairwell, the next riser is approximately 100-feet east of the first riser, with the
next riser an additional 135-feet east of the second riser, and the final riser approximately 100feet east of the third riser, within the east stairwell. Each of the risers is fed from a 6-inch main
that resides above the ceiling line of the first floor and is routed from the west side of the facility to
the east. Each of the risers is also constructed from 6-inch main piping for their respective rises
through the tower. Class I standpipe connections are provided on every floor of the facility within
each of the stairwell vestibules, within cabinets in two (2) locations within the guestroom
corridors, as well as on the roof level.
Two calculations were performed to determine the requirements for the most demanding
scenarios for the building. The first calculation was to verify the demand of the standpipe system
serving the building. The building is provided with a Class I standpipe system (2.5-inch
connections) that has a horizontal cross main on the first floor that supplies all of the combination
and non-combination standpipes through vertical risers.
Per Clark County Fire Code 2013 NFPA 14 Sections 7.8.1 and 7.10.2.2, the system shall be
designed to provide 500 gpm @125 psi from the most hydraulically most remote standpipe
connection (top of standpipe 1 in calculations), 250 gpm @ 100 psi at the next most remote
standpipe connection (top of standpipe 2 in calculations) and 250 gpm @ 100 psi at the topmost
connection of next most remote standpipe connection (top of standpipe 3 in calculations).
It was determined that the three (3) most hydraulically demanding standpipe connections were
located on the 18th floor (2 connections) and the east side of the 17th floor roof (1 connection); the
remaining standpipe at the west side of the facility was also provided with a 17th floor roof
connection, which was also included in the calculation. A diagram of the standpipe system and
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the furthest point of hydraulic calculation is shown below in Figure 15. Calculation of the
standpipe demand was traced back to the outlet of the fire pump based on the drawings that were
reviewed; scaled estimates of piping length was used as the drawings did not provide dimensions
or views of all associated piping.

Figure 15, Standpipe System Diagram
The demand at the fire pimp for Standpipes 4, 3 and 2 was calculated to be 1043 gpm @ 195.7
psi. This calculation is shown on the following page in Table 17.
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Table 17, Standpipe Hydraulic Calculations
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The second calculation was performed to verify the demand of the hydraulically most demanding
sprinkler area within the facility. The penthouse area on the roof of the 18th floor (penthouse
level) is connected to the end of the sprinkler system that serves the 18th floor corridor and
residential areas. This area was determined to be the most hydraulically demanding area within
the facility, and as it is less than 1,500 square-feet, per 2013 NFPA 13 Section 11.2.3.1.4, the
entire enclosed area of the storage room was utilized in the demand calculation to determine the
appropriate gallon demand per head. This included the activation of 4 5.6 K-Factor sprinkler
heads to cover the designated area. A diagram of the area in question is shown in Figure 16
below.

Figure 16, Penthouse Layout
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Table 18, Sprinkler Hydraulic Calculations

The demand at the base of the combination riser for the second scenario, utilizing the occupancy
classification method, was calculated to be 74 gpm @ 124 psi, as shown in Table 18 above. This
makes the total demand of the sprinkler and standpipe system 1121 GPM @ 196 PSI. The fire
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pump is capable of supporting this demand running at approximately 11% over rated capacity,
shown in Figure 17 below. The fire pump operating RPM was unable to be determined from the
available drawings.

Figure 17, Water Supply Graph
As the demand of the standpipe system exceeds the demand of the sprinkler system, the Fire
Department Connection (FDC) is based on the standpipe demand, per NFPA 14 Section 7.12.3,
as amended by Clark County. The FDC was required to be provided with a 2.5-inch connection
for every 250 GPM required to be provided to the suppression system, per Section 6.8.1.4 of
NFPA 13, as amended by Clark County. As such, the FDC provided at the building has four (4)
2.5-inch connections, as the total standpipe demand is 1000 GPM. Per the design
documentation, the required input pressure at the FDC is 215 PSI.
As a high rise residential facility, this building has several demanding requirements, in addition to
those imposed upon it by the local jurisdiction. The building was required to be provided with
Class I standpipe coverage and a full sprinkler system. A combination automatic wet system was
installed and was provided such that adequate sprinkler and standpipe protection serve the entire
facility. A diesel powered vertical turbine pump was provided to the building, with an in-ground
water supply to accommodate the owner’s space requirements, with sufficient capacity to supply
the system for the Clark County Fire Code required 30-minutes, with a minimum of 15,000 usable
gallons. In addition, an FDC with the required 4-connections has been provided for fire
department use, if necessary. All suppression systems serving the facility appear to be designed
properly and in accordance with the locally adopted codes and amendments.
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The sprinkler and standpipe systems are required to be flow tested as required by 201 NFPA 25,
Standard for the Inspection, Testing, and Maintenance of Water-Based Fire Protection Systems.
The sprinkler systems serving the facility are required to be flow tested quarterly (NFPA 25
Section 5.3.3.1), and visually inspected along the length of piping yearly (NFPA 25 Section 5.2.2).
The standpipe systems serving the facility are required to be visually inspected along the length
of the piping yearly (NFPA 25 Table 6.1.1.2) and flow tested every five years (NFPA 25 Table
6.1.1.2).
The next system to be discussed works in conjunction with the facility suppression systems. The
fire detection and alarm systems are integral for the monitoring and notification of the activation of
sprinkler and standpipe systems. These requirements will be discussed in depth below.

Fire Detection and Alarm Systems
The building is provided with a Central Station FA system, with an Emergency Voice Alarm
System utilized for notification. The system is fully addressable with the main Fire Alarm Control
Panel (FACP) located in the Fire Command Center (FCC). The FCC is located on the southwest
side of the ground floor with direct exterior access. Multiple remote panels are located throughout
the tower on multiple levels, connected by a Class A network. All circuits are fully supervised for
alarm, supervisory, and trouble conditions by the FACP. The Fire Alarm (FA) system is zoned to
correspond with the installed sprinkler system and smoke management zones. Annunciation of
all FA signals is provided at the FACP in the FCC, as well as at the Silverton Casino FCC, for
information purposes only. Appropriate signals are transmitted to a listed Central Station Service
for disposition. A Notifier NSF2-3030 and Notifier NSF2-3030 with Digital Voice Command (DVC)
were installed in tandem in the FCC. Two (2) panels were required to monitor the large number
of initiating devices, notification appliances, and other associated monitored points within the
building in a timely fashion. A Notifier XS6-C control module, a Notifier DAA2-5070 amplifier, two
(2) Notifier FCSP-24S8 power supplies, and one (1) Notifier HPFF12 power supply were provided
on levels 2, 5, 8, 11, 14, and 17, each. The large number of additional control modules,
amplifiers, and power supplies was necessary to adequately control and power the large number
of devices and appliances installed within the building. The Secondary Response Point (SRP) is
located on the north side of the guest check-in area, in an employee corridor. The SRP contains
an LCD-160 display and RM-1 remote microphone.
Per NFPA 72 Section 26.3.8.1, alarm signals are required to be retransmitted to the Fire
Department communication center for dispatch.
A runner must also be dispatched to arrive at the premises within two (2) hours if equipment
requires a manual reset. The runner may be recalled if the subscriber has qualified personnel
capable of resetting the equipment and placing the system back in normal operation. The system
subscriber must also be notified, and the Authority Having Jurisdiction (AHJ) will also be notified,
if required.
Per NFPA 72 Section 26.3.8.4, trouble signals are required to be communicated immediately with
persons designated by the subscriber. A runner will be dispatched to arrive within four (4) hours
to begin maintenance, if necessary. When the interruption in service is greater than eight (8)
hours, the central station will provide notice to the subscriber and fire department if required by
the AHJ as to the nature of the interruption, the time of occurrence, and the restoration of service.
Per NFPA 72 Section 26.3.8.3, supervisory signals are required to be communicated immediately
to persons designated by the subscriber. The Fire Department or Law Enforcement or both shall
be notified if required by the AHJ. A runner will be dispatched to arrive within two (2) hours
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unless the supervisory signal is cleared by a scheduled procedure determined by NFPA 72
Section 26.3.8.3 (1). The AHJ will be notified when suppression systems have been out of
service, partially or completely, for more than eight (8) hours. If the system has been out of
service for eight (8) hours or more, the central station will notify the subscriber or AHJ or both, if
required as to the nature of the signal, time of occurrence, and restoration of service.
The facility has contracted a local Central Station agency that complies with the requirements of
NFPA 72 Section 26.3; this relationship has been demonstrated to and approved by the AHJ.
Alarm, supervisory, and trouble signals are disposed of as indicated within the following matrix
(Table 19):
Table 19, Fire Alarm Response Matrix

Area smoke detection is provided in most areas of the facility. In-duct sampling tube type smoke
detection is provided on the main air handling systems, smoke control supply fans, and smoke
removal supply fans serving the building. A Notifier NBG-12LX manual pull station was provided
at the SRP, above code requirement. Electronic heat detectors were not required to be provided
at the top of the elevator hoistways per NFPA 72 Section 21.3.7(1), as sprinklers were not
provided in the hoistway. Sprinklers were not required to be installed in the hoistway as the
elevator is not a hydraulic type elevator, per NFPA 13 Section 8.15.5.3(5).
The facility is provided with audible and visible notification appliances throughout, including
normal and high decibel speakers, normal and high candela output strobes, combination speaker
strobes of varying outputs and intensities, as well as exterior horns. All public corridor audible
and visible notification appliances are ceiling mounted. Residential room audible and visible

June 12, 2019

Page 38

FPE 596 Culminating Project

Silverton Timeshare – The Berkley

notification appliances are wall mounted within each unit. Fire alarm drawings detailing the
location of notification appliances can be found in Appendix A of this report.
Visible notification appliances were not required to be provided in exit stairwells in accordance
with NFPA 72 Section 23.8.6.2.1; speakers were provided in the exit stairwells and connected to
circuits serving the live voice message system, as controlled by the microphones in the FCC and
at the SRP, as they are not required to play evacuation messages per NFPA 72 Section
23.8.6.2.3.
Visible notification appliances were not required to be provided in elevator cars in accordance
with NFPA 72 Section 23.8.6.2.2; speakers were provided in the elevator cars and connected to
circuits serving the live voice message system, as controlled by the microphones in the FCC and
at the SRP, as they are not required to play evacuation messages per NFPA 72 Section
23.8.6.2.4.
Audible decibel requirements in Clark County exceed what is customary in most other
jurisdictions. Per the Clark County Amendments to the 2012 International Fire Code Section
907.5.2.1.1, the minimum sound pressure levels in a building shall be 90 dBA for mechanical
rooms and 80 dBA for all other areas, or a minimum of 15 dBA above the average ambient sound
pressure level or a minimum of 5 dBA above the maximum anticipated peak sound pressure level
having a duration of at least 60 seconds. Audible appliances shall also be installed in all
bathrooms per the same Section. This raises the decibel requirements for all areas in the
building are well above the standard ambient sound levels found in NFPA 72 Annex A. No
drawings were able to be obtained that detail the decibel levels provided meet the local
requirements, however, the local fire department inspectors utilize decibel meters during
inspection. It is assumed that all areas of the facility meet the prescribed requirements.
The first floor of the building contains a variety of rooms with different uses. All strobe spacing for
these rooms was verified via plan review to meet the requirements set forth in NFPA 72 Table
18.5.5.4.1(b).
For the purposes of this report, NEMA Standards Publication SB 50-2008 Supplement 2 Tables
S2.2 and S2.3 was used as a reference for ceiling mounted speaker coverage throughout the
building, as NFPA 72 does not contain a reference for coverage of ceiling mounted appliances
and the sound pressure level decay versus distance cannot be easily calculated. The associated
Supplement 2 Tables can be found in the following page as Tables 20 & 21.
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Table 20, NEMA Supplement 2 Table S2.2

Table 21, NEMA Supplement 2 Table S2.3
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It is assumed that the reflective nature of the sound distributed in a polar pattern from ceiling
mounted speakers provided coverage within any gaps in corridors and into corners of rooms not
fully covered by the initial transmission from ceiling to floor of the alarm signal. The AHJ was
satisfied with the coverage provided and signed off on the design and physical field performance
of the system. As intelligibility design software was used to determine the sound pressure level
coverage provided by the ceiling mounted notification appliances, it is assumed that the coverage
provided is adequate and intelligible.
The stairwells are provided with speakers at the floor level landings of floors 2, 5, 8, 11, 15, 17 (in
the west stairwell only) and 18 (in the east stairwell only). All speakers in the stairwells are wall
mounted above 90-inches and below 6-inches below the ceiling per NFPA 72 Section 18.4.8.1
and tapped at 1W (87dB). The stairwell speakers are not used for alarm notification as they are
not required and have been provided for live voice message communication only. It can be
assumed that the spread of devices at the selected sound pressure level will transmit throughout
the stairwell, however, as the stairwell is primarily concrete and steel, intelligibility may suffer from
increased levels of reverberation at the selected intensity.
The stairwell vestibules on every floor (except level 1, as level 1 has no vestibules and exits
directly to the exterior) measure 5-foot 7-inches by 8-feet and are provided with a single high dB
speaker tapped at ¼ W (81 dB) mounted at 8-feet. A 7.7-foot coverage cone does not provide
coverage to the entire floor area.
Upon review, the facility appears to have had a code compliant system installed. Appropriate
signal notification to the FACP and disposition to the remote monitoring station has been
provided. Smoke and head detection, as well as waterflow alarm, trouble, and supervisory signal
monitor has been provided for the facility. In addition, visible notification has been provided to
code requirements and the installed audible notification has been designed to local requirements
and satisfied local inspections, even though intelligibility is not currently an empirically measured
requirement. It is also noted that the stairwells within the facility contain the required paging
notification in that is not required to signal general alarm but does provide connectivity to the AllCall system provided within the FCC.
The fire alarm system was provided with battery backup sufficient for 4-hours of standby, and 15
minutes of operation. The reduction in standby time is permitted as a standby generator serves
the facility; the 15 minutes of operation is required as the alarm is a voice alarm type system.
The power loss calculations were reviewed and determined to be correct for the facility. Battery
calculations for the facility can be found in Appendix A of this report.
The fire alarm system is required to be retested per the requirements set forth in NFPA 72,
Section 14.4.3.2 and NFPA 72 Table 14.4.3.2. As with all testing prescribed by NFPA 72, only
qualified and knowledgeable personnel are permitted to conduct tests of the fire alarm system.
The majority of the systems are required to be tested annually or semiannually. However, due to
the large number of devices in many of the more complex facilities in the county, it is custom and
ordinary in this area to break up testing into quarterly inspections or monthly inspections with
regard to the testing of initiating devices and annunciating appliances, so as to minimize the
impact to the facility and its occupants. This also ensures greater reliability of the major system
control components, as they are tested more frequently than an annual or semiannual basis.
The fire alarm system is required to be maintained as components lose calibration or fail. NFPA
72 Section 14.5.1 requires that the maintenance of the equipment be dictated as required by the
equipment manufacturer. Frequency of maintenance varies with the environment, as is
recognized by NFPA 72 Section 14.5.2. The fire alarm contractor responsible for maintenance of
the fire alarm system is responsible for the upkeep of the components of the system based on the
environmental conditions wherever the system is installed. Particular care should be taken for
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installations in areas that would reduce recommended service intervals for the fire alarm
equipment.
Overall, through review of the as-built documents, it appears that the fire alarm and notification
systems are in substantial compliance with code. The compliance of ceiling mounted audible
notification appliances is in question, however, as NFPA 72 cannot be referenced for ceiling
mounted audible appliances. As the local jurisdiction has accepted the system installation, it can
be assumed that the audibility and intelligibility of the system was satisfactory to the reviewing
inspections. An audibility and intelligibility study is recommended to conducted to verify that the
installation of audible appliances on ceilings will still meet the same requirements as audible
appliances installed on walls. The battery calculations provided in Appendix A verify that the
system can perform the required 4-hours of standby and 15-minutes of operation required for an
emergency voice alarm communication system that is provided with a generator backup for all of
the equipment installed within the facility. The next topic of discussion is an additional life safety
system that is integral for the safety of occupants, as well as integrated into the fire alarm and
notification system. Smoke Control & Smoke Removal Systems are still required within the local
jurisdiction. Both systems have been modified from the base code requirements, as will be
discussed below.

Smoke Control & Smoke Removal Systems
The facility was provided with both Smoke Control and Smoke Removal systems. Smoke control
has been provided within the smoke-proof enclosures in the form of stair pressurization. Smoke
control is not required nor provided in any other areas of the building. Mechanical smoke
removal, as modified by the local amendments, is provided in all public corridors and assembly
areas throughout the remainder of the facility.
The facility has been provided with a mechanical smoke removal system, per SNA IBC Section
403.4.7. This system requires manually operable smoke removal, utilizing a 4 air changes per
hour (ACH) method in all publicly occupiable zones not otherwise considered passive. The suites
themselves are not provided with mechanical smoke removal, but the glazing can be cleared by
fire department personnel if required. Per local amendments, the Smoke Removal system is
required to be provided with a Fire-Fighter’s Smoke Removal Control Panel (FFSRCP), designed
in accordance with IBC Section 909.16.2 and located in the Fire Command Center (FCC) for fire
department use after a fire event. All fans are required to be provided with operational status
monitoring via pressure differential or current transducer switches. Unlike a smoke control
system, as this is not considered a life-safety system, but a post-event tool for the fire department
to utilize, dampers serving this system are not required to be provided with status monitoring.
The smoke removal system serving tower floors 2 through 18 was laid out such that make-up air
is provided at the ends of each corridor, and exhaust is provided at the center of each floor. The
make-up air and exhaust shafts are connected throughout the height of the tower, with each floor
being capable of isolation through the sequencing of combination fire/smoke dampers located at
each floor on the shafts. A riser diagram of the smoke removal system is shown in Figure 18 on
the following page.
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Figure 18, Smoke Removal Riser Diagram
Levels 2 through 16 can be activated individually; levels 17 & 18 are activated simultaneously, as
they have a communicating opening. The first floor is a separate smoke zone with several
compartments. The residential corridor and adjacent assembly spaces are provided with a single
exhaust fan, with make-up air being provided by manually opening doors. The timeshare sales
and office areas are provided with a separate single exhaust fan and also require multiple
designated doors to be opened as a source of make-up air. Per the Clark County Fire
Department Smoke Removal Panel Guideline all smoke control zones are to be provided with a
“passive mode”, whereby upon area smoke detection within a particular smoke zone, all dampers
on the boundaries of that smoke zone are required to close, completing the compartmentation of
that smoke zone.
As both stairwells within the building serve floors greater than 55-feet above the lowest level of
fire department access, both stairs are required to be constructed as smokeproof enclosures;
stair pressurization systems are one of the required methods available to satisfy the requirements
of smokeproof enclosures. The Smoke Removal system is viewed as a form of smoke control, as
the requirements for the system as prescribed within IBC Section 403.3.7 are direction to the
Smoke Control requirement within section 909. Automatic stair pressurization systems were
provided in both stairwells, designed in accordance with IBC Section 909.20 and the UMC. Each
stairwell possesses a single fan with multiple injection points along the vertical extent of the
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stairwell. As is required by the SNA IBC, vestibules are required on all pressurized stairwells,
with a required pressure differential of 0.05-inches of water column at the door leading into the
vestibule from the floor and an additional 0.05-inches of water column at the door leading into the
stairwell from the vestibule. There is no upper limit on the differential pressure, but door opening
forces are not permitted to exceed 30-lbs. Additionally, a barometric relief damper is required to
be provided at the top of the pressurized stairwells, that, with all stair doors closed, discharges a
minimum of 2,500 cfm through the relief vent. The stair pressurization system is activated
automatically upon smoke detector or waterflow switch activation. This system can be activated
manually from the FFSCP in the FCC, also. As an additional energy saving measure, the stair
pressurization inlet into the stairwell and barometric relief damper are equipped with combination
fire/smoke dampers to help maintain building temperature. These dampers are interlocked into
the system, such that they open automatically upon activation of the system.
Smoke control and smoke removal systems are, locally, frequently installed within the same
facility. As such, the jurisdiction provides for the integration of both systems into a single control
panel, as both systems are required to have controls, whose design is dictated by the same code
section. The stair pressurization systems serving the facility are appropriately designed and
compliant with all the code requirements, as is the smoke removal system serving the facility.
The next system to be discussed relates to many of the previously discussed systems. The
Emergency Power system supplies power to many of the systems already covered, including the
smoke control and smoke removal systems. It also provides a backup power source for the fire
alarm, fire pump, and emergency lighting systems, and is discussed below.

Emergency Power
The building is provided with a standby power system, as is required by multiple systems within
the facility. These systems include the smoke control system (stair pressurization), smoke
removal system, elevators, as well as emergency lighting and fire alarm systems. Standby power
is provided in a separate, exterior, above ground pen, more than 30-feet from the building. Diesel
fuel storage for a minimum 8-hour runtime is also provided within this pen.
The system was required to be able to transfer power from normal utility to standby within 60
seconds. In the course of the documented inspections, it was noted that the fire alarm system
was provided with a 4-hour standby battery backup, as the facility was provided with an engine
driven generator capable of supplying power to the fire alarm system, per NFPA 72 Section
10.5.6.1.1.1. In addition, the smoke control (stair pressurization) and smoke removal systems
were also noted as being running during a power transfer event and were fully configured on
generator power in less than 60 seconds.
It was determined through review of multiple commissioning documents that the standby power
system was installed properly, and functions within the required transfer times for all of the
attached systems at peak load.
The emergency power system is one of the critical systems for the facility, as it provides a
secondary source of power to many of the life-safety system within the building. In addition, the
emergency power systems also serve the elevators, which may be used in case of an emergency
by qualified first responder personnel. The elevator systems within the facility are discussed
below.
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Elevators
The building was provided with one elevator bank with three cars. Each of these elevators was
sized such that any elevator can be utilized to fit a stretcher and is connected to a smokeproof
enclosure lobby at every floor except the ground floor. The elevator system was also provided
with other required emergency functions, as detailed below.
As the facility has a publicly occupied level between 120 - 599 ft above the lowest level of fire
department access, it is required to be provided with a minimum of three stretcher sized
elevators, per IBC SNA Table 403.6.1. In addition, at least one elevator was required to be
connected to standby power; control of the connection to standby power is provided within the
FCC and can be switched between cars as necessary.
The elevator shafts were required to be constructed of 2-hour fire resistive construction, as they
penetrate 2-hour floors, in addition to serving more than three floors; the shafts were provided
with hoistway vents that were covered with smoke dampers, to help with building efficiency.
These dampers are opened automatically by smoke within the hoistway or in any elevator lobby
within the tower.
Each floor of the tower, except the first, is provided with a 1-hour fire resistive elevator lobby with
20-minute smoke and draft protection for the openings. Phase 1 & 2 elevator recall is also
provided for all elevator cars, initiated by smoke detectors within the hoistway and in each lobby.
The three elevators serving the facility were all sized as stretcher elevators, as required, and
provided with the necessary life safety features to ensure occupant safety, as well as fire
department operations. In addition, the hoistways and elevator lobbies meet all of the required
construction criteria for a facility of this use and height.
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PRESCRIPTIVE ANALYSIS SUMMARY
The facility documentation was reviewed against the codes of record for conformance to the
required prescriptive design. Several areas appear to be lacking in prescriptive design, such as
the placement of exit signs (pp 22) and fire alarm notification speakers within the public corridors
(pp 37). Overall, it appears that the building is in substantial compliance with the required
prescriptive codes adopted by the local jurisdiction, where compliance with systems required for
occupant safety are concerned. Exit signs exceeding the prescriptive distance and fire alarm
audible notification appliances whose audibility cannot be confirmed by hand calculation have
been installed in the facility, provided, yet both of these systems have satisfied the local authority
having jurisdiction with their performance.
The highrise provisions of the facility include such requirements as local smoke removal
provisions, as well as smokeproof enclosures with local amendments for stairwell pressurization
systems. In addition, the elevator hoistways and stair shafts are required to be hardened to
withstand impacts from foreign bodies. Added life safety systems such as full coverage sprinkler
systems, emergency voice alarm communication systems, standby power, a fire command
center, an emergency responder radio system, and locally required Class I standpipes at every
required standpipe location were required to be provided. Through review of the various
associated documents, all of these systems were provided and found to be functioning properly at
the time the building was constructed.
The various occupancy classifications noted within the design documentation for the building
were reviewed and found to appropriate for the intended uses of the building. Based on the
selected occupancy classification for the facility, the structural fire resistance requirements could
be determined, as required by the allowable height and area tables within the IBC; the selection
of Type IA construction was found to be satisfactory for the intended use, height, and area of the
building.
Interior finishes for the facility were reviewed and, although specific cutsheets and performance
data was not available, were found to be of the types that would reliably be in compliance with the
finish requirements of Chapter 8. Fixtures, Furnishings, and Equipment are not regulated by the
local jurisdiction submittals but are independently verified by inspectors to be in compliance with
the applicable NFPA codes (Mattresses, Curtains, etc.).
The Egress systems serving the facility consist of, on the first floor, 21 exits from the various
rooms and occupancies. Throughout the remainder of the tower, each floor is served by two exit
stairs, separated by at least ¼ of the largest horizontal building dimension, as specified in the
highrise provisions. All off the egress systems serving the facility that were reviewed appear to
be in compliance with the required code sections.
The Suppression and Fire Alarm systems installed in the building were reviewed for compliance
with NFPA 13 and NFPA 72, respectively. The sprinkler and standpipe systems serving the
building were reviewed through hydraulic calculation to verify the demand requirements could be
met by the selected systems installed in the facility. The fire alarm and notification systems were
reviewed for placement of devices and provided power supplies; the notification systems installed
within the public corridors were unable to be verified to be sufficient, as ceiling mounted audible
notification appliances do not have an NFPA 72 reference for decibel decay to verify adequate
audibility coverage for ceiling installations. All visual appliances were noted as being compliant
with the requirements of NFPA 72.
The facility was provided with Smoke Control and Smoke Removal systems, as modified by the
local Clark County requirements. Smoke Control was provided in the form of pressurized
stairwells serving smokeproof enclosures; smoke removal was provided in the form of four air
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change per hour systems serving all of the common corridors within the hotel and all other
publicly accessible assembly spaces on the first floor of the tower. The performance of the stair
pressurization and smoke removal systems were found to be sufficient to satisfy the requirements
of IBC Sections 909.20 and 403.4.7, respectively.
Emergency Power was shown to be provided for the facility through the installation of battery
operated backup systems, as well as the installation of a diesel-powered generator installed in an
enclosure separated from the main facility.
The elevator systems serving the facility were provided with the 2012 IBC requirements regarding
lobbies and hoistway ventilation. In addition, the local requirements for buildings taller than 120feet were required to be complied with; as such, three stretcher sized elevators were provided in
lieu of a Fire Service Access Elevator per the local amendments to IBC Section 403.6.1. Overall,
the elevator systems serving the building were found to be in compliance with the base and local
code requirements.
The next sections of this report will discuss the fire scenarios considered for a performancebased review of the facility. Various potential fire scenarios will be considered and reviewed, with
one scenario being selected. After a scenario is selected, it will be reviewed as it applies to four
computational programs: Contam, DETACT, Pathfinder, and Pyrosim. Through the use of these
four programs, an analysis of RSET vs. ASET can be performed to determine the performance of
the facility for the selected scenario.
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PERFORMANCE ANALYSIS
Overview
The performance-based analysis of the Berkley consisted of four separate analyses to validate
the operation of the life-safety systems serving the facility:
1)
2)
3)
4)

Contam verification of the stair pressurization systems.
DETACT sprinkler activation modeling.
Pathfinder model to verify exit time through pressurized stairs for selected fire scenario.
FDS fire simulation to verify suppression capacity of the sprinkler system.

Two separate criteria are required to be determined for a fire scenario to make certain that
occupants can safely exit a facility in case of an emergency: Required Safe Egress Time (RSET)
and Available Safe Egress Time (ASET).
RSET is defined as:
RSET = Td + Tn + Te-p + Te
Where:

Td
Tn
Te-p
Te

=
=
=
=

Time to detection of fire event
Time to notification of fire event
Pre-movement time before evacuation begins
Time for evacuation

ASET is defined as the time available until the conditions within a facility become untenable to
human occupants. This can include multiple criteria, including temperature, visibility, and
presence of toxic compound in the air. For this study, visibility (which amounts to the ability to
exit a facility and escape hazardous conditions) was selected as the tenability criteria, at a
distance of 3-meters (9.84-ft) and a height of 1.83 meters (6-ft). The criterion of visibility was
selected for analysis as it is one of the Tenability Limits specified in SFPE Table 63.5 (Society of
Fire Protection Engineers) (Table 22, below).
Table 22, SFPE Handbook Table 63.5

In addition, visibility was selected as a tenability criterion as it can easily be applied to different
fuel sources. The 3 m limit was specifically selected as it represents the worst case-conditions
within the table above, which would cause occupants to turn back and/or shelter in place,
depending on their original location. The effects of visibility on occupant movement speed as
specified within this table were not utilized in the Pyrosim and Pathfinder models.
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The use of Contam modeling was the starting point of the performance-based analysis. Contam
was utilized to validate the design of the stair pressurization system, modeled under the worstcase wind and temperature conditions, to validate if the smokeproof enclosures would function
properly as a code-compliant means of egress. Proper operation of the stair pressurization
systems is paramount, as it is the only form of active smoke control and presents the highest fireresistive construction rating within the facility.
Following the validation of the stair pressurization systems, a DETACT model of a rapidly
developing means of egress fire was performed to verify the activation of the adjacent sprinkler
system. The DETACT model was, in turn, used within the following Pathfinder analysis.
A Pathfinder model of the facility was constructed to determine the time required for occupants to
exit the facility (RSET), given the means of egress fire discussed below (Potential Fire Scenario
3). The time required to activate the sprinkler was taken from the DETACT model as the time to
detection (Td) component of the Available Safe Egress Time. The time required from the
activation of the sprinkler to activation of alarm signal notification was determined from the
maximum required time before alarm signal initiation in Clark County, which is 90 seconds. This
means that a maximum time of 90 seconds may pass before an alarm signal is transmitted
throughout the facility and to the local monitoring agency. Pre-movement time was selected from
the SFPE Handbook, 5th Edition, Chapter 64, from the most reasonable approximation of the
facility in question. Actual movement time was determined utilizing Pathfinder and the built-in
movement speeds for occupants as referenced from the SFPE Handbook.
A Pyrosim model was finally generated to validate the DETACT model sprinkler head activation,
as well as to determine tenability criteria for the facility for the design fire. Tenability was modeled
utilizing visibility within the design area, utilizing visible distance as the driving criteria. The model
was compiled with slice files set at 6-feet above the walking surface of each floor for visible
distance vs. time to compare against the RSET as determined through other elements of the
performance analysis and the Pathfinder model.

Potential Fire Scenarios
Before any of these simulations could be performed, however, a design fire scenario was needed
to be determined. Several different scenarios were developed and considered for full analysis
with regards to the most impactful to be fully verified with the use of the selected software
packages. The 8 design fires as specified within the Life Safety Code - NFPA 101 were not
utilized as this code was not adopted by Clark County. Scenario 1 was considered as it is one of
the most common and dangerous conditions within this type of facility. Scenario 2 was
considered as it would impact the highest occupant load within the facility at a given time.
Scenario 3 was considered as it would impact a large number of occupants and present a
challenge to the egress system serving the facility, as one of the three means of egress for the
specified area would be removed. The considered scenarios are as follows:
1. Residential room Mattress Fire
A residential mattress fire was considered as the first fire to be analyzed for a residential hotel /
timeshare tower. A fire size (maximum Heat Release Rate) of 400-500 kW (Figure 19, following
page), as indicated by NFPA 72 Table B 2.3.2.6.2.e, Item 67 (National Fire Protection
Association), is considered standard for a mattress fire for a mattress of traditional inner-spring
construction.
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Figure 19, HRR Curve: Mattress Fire
The impact that this fire has to the facility occupants is minimal, immediately endangering, at
most, 4 occupants, as the demising walls between suites are rated at 1-hour fire resistive
construction and the corridor wall is rated at 30-minute fire resistive construction.
2. Sales Room Table & Chair Fire
A fire within the timeshare assembly area was the second candidate fire for simulation. It is
assumed that the typical timeshare sales table and chairs arrangement would consist of a single
table and four chairs. Each of the four chairs can be considered to be metal frame stackable
chairs with foam cushions and backs covered in woven fabric, from NBSIR 83-2787 with a total
heat release rate of 175 kW, each. Data on tables is relatively sparse; a small office desk with a
total HRR of approximately 585 kW was selected from SFPE Handbook Table 36.39 (Society of
Fire Protection Engineers). This would equate to a total heat release rate of 1,285 kW, a HRR
curve for which is shown on the following page (Figure 20).
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Figure 20, HRR Curve: Desk and Four Chairs
This scenario would reasonably be within the expected suppression capacity of the sprinkler
system serving the timeshare area (Light Hazard, 0.1 gpm over 1,500 sqft). The overall hazard,
however, is relatively low, as there are four exits serving the timeshare sales area, and the first
floor has ceiling heights almost double the rest of the facility. Even with one means of egress
blocked, there is no increase in exit access travel distance to an exit or overuse of an exit within
this area. The total occupant load of the timeshare sales area and offices that egress through it is
280 occupants; the total capacity of the four exits directly serving this area is 1,587 occupants.
Even with the obstruction of the two closest exits, the sales area can still exit 680 occupants,
approximately 2.5 times the code specified occupant load, making this area much safer than the
third considered scenario.
3. Means of Egress Obstruction Fire
A fire obstructing a means of egress within the tower itself was the third fire scenario considered
for simulation. A fire consisting of two (2) carry-on sized pieces of luggage and two (2) check-in
sized pieces of luggage within the hallway was considered. As each carry-on sized piece of
luggage is assumed to have a heat release rate of 142 kW (Sheehan and Ward) and each checkin sized piece of luggage is assumed to have a heat release rate of 119 kW (Sheehan and Ward),
this would present a fire with a total heat release rate of 522 kW. A rapidly developing fire just
past the last unit in the hallway, obstructing a 17th floor stairwell, would pose the most significant
hazard to occupants, as it would increase the exit access travel distance to a maximum of 367feet, well in excess of the code required 250-feet for residential occupancies. As the 17th and 18th
floors are open to one another, this fire would potentially affect up to 162 occupants. Between the
18th, 17th, and 16th floors, a total of 244 occupants will be impacted by a fire blocking a means of
egress on the 17th floor; this fire appears to present the most hazardous condition of the three
scenarios and was selected for further study.
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It was noted in the CRL Station Paper (Sheehan and Ward) that although the fire size could be
reasonably approximated for various sizes of luggage, the particulates that can emanate from
luggage can vary wildly based on the contents of the luggage itself. A different fuel package of
comparable size, uniform material, known particulate release, and that is still commonly found
within a facility of this type was selected for the model fire: a polyurethane mattress. The design
fire was revised to be a 500-kW polyurethane mattress fire (Figure 21, below) that would obstruct
a means of egress from the 17th floor of the tower.

Figure 21, HRR Curve: Luggage Modeled as Mattress Fire
The performance-based analyses of the life safety systems serving The Berkley are discussed in
depth below.

Contam Model
Verification of the proper operation of life safety systems is paramount when considering the
design of a facility. In the case of The Berkley, one of the primary life safety systems (next to the
sprinkler and fire alarm systems) that protects occupants during their exiting from the facility is the
stairwell pressurization system. As each of the stairs serves a floor above 55-feet, both are
required to be smokeproof enclosures served by stairway pressurization systems. Clark County
has codified a mechanical stairway pressurization alternative. This alternative requires that
vestibules be utilized, with a 0.05-inches of water column at both the stair to vestibule door, and
vestibule to floor doors, with a maximum door opening force of 30-lbs at each door. The local
stairway pressurization alternative allows for easier balancing of the door opening forces, as well
as still providing the typically required 0.1-inches of water column between the stair and the floor
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served. Contam, like other computer simulations, is limited in that it only provides as much
accuracy as is input into the simulation. In addition, all variables cannot be controlled for, but a
reasonable approximation can be modeled to determine if the selected design is within close
proximity to the desired code requirements. As is true of all mechanical systems, final balance
and verification is required in the field by trained and knowledgeable personnel.
The Berkley was modeled within Contam based on the architectural drawings prepared by Allen +
Philp Architects. Standard ASHRAE provided leakage values for the building elements were
utilized in the model, as shown in Table 23, below:
Table 23, Contam Building Element Leakage Values
Building Element
Leakage Value
Exterior Wall – Curtain Wall
0.000507 ft2/ft2
Exterior Wall – CIP Concrete
0.000219 ft2/ft2
Interior Wall
0.0002 ft2/ft2
Stair Shaft Wall
4.5e-005 ft2/ft2
Elevator Shaft Wall
0.000555 ft2/ft2
Floor – CIP Concrete
3.5e-005 ft2/ft2
Exterior Door
0.022604 ft2
Interior Door
0.080729 ft2
Stair Door
0.080729 ft2
The ground floor, a typical floor, and the 18th floor of The Berkley as represented in Contam
model are shown in Figures 22 (below), 23, 24, and 25 (following page). The pressurized
stairwells are shaded in pink:
Ground Floor

Figure 22, Ground Floor Contam Model
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Typical Floor

Figure 23, 12th to 16th Floor Contam Model

17th Floor

Figure 24, 17th Floor Contam Model

18th Floor

Figure 25, 18th Floor Contam Model
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Clark County utilizes the Uniform Mechanical Code (UMC) in place of the ICC International
Mechanical Code (IMC). The UMC requires that stair pressurization systems be provided with a
barometric relief damper within each stairwell. The barometric relief damper was modeled in each
stair as a backdraft damper with a maximum leakage value of 2,500 cfm, as required by the
UMC.
Four separate simulations were considered for this analysis to determine the proper operation of
the stairwell pressurization system.
•
•
•
•

Summer weather conditions & stairwell pressurization without wind
Winter weather conditions & stairwell pressurization without wind
Summer weather conditions & stairwell pressurization with wind (Worst case weather)
Winter weather conditions & stairwell pressurization with wind (Worst case weather)

The simulation of the facility was computed for each of the simulation conditions specified above.
Based on a worst-case door closer force of 14 lbs. from NFPA 92 Table A 4.4.2.2, each of the
vestibule and stairwell doors into the smokeproof enclosures for each floor are permitted a
maximum of 0.27 in w.c. differential pressure per door. The maximum pressure differentials and
door opening forces (including the worst case closer force) for each of the scenarios are listed
below in Table 24:

Scenario
Summer Stack
Winter Stack
Summer Wind
Winter Wind

Table 24, Stair Pressurization Worst Case Differential Pressures
Stairwell
Floor
Differential Pressure (D.P.)
West
2
0.245 in w.c.
West
17
0.232 in w.c.
West
2
0.245 in w.c.
West
17
0.221 in w.c.

The maximum pressure differentials listed occurred at the stairwell to vestibule doors within the
West stair at the respective floors for each scenario. This result is expected as the wind in
summer and winter approaches from the Northwest direction. Total shaft report data outputs for
each simulation can be found in Appendix A attached to this report. Pressure differentials for
each floor are well above the required 0.5 inches w.c. However, door opening forces for a 3-foot
wide and 7-foot tall door cannot exceed a pressure differential that results in a door opening force
in excess of 30-lbs. This force calculation is provided in 2009 NFPA 92 A, Appendix A.5.2.2 as
shown below. Only NFPA 92 B is a referenced standard from Chapter 35 of the 2012 IBC, even
though the IBC itself specifies the use of stairwell pressurization and pressure differential smoke
control systems, which are detailed in 92 A, only. These standards have since been consolidated
into one standard, NFPA 92.
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Figure 26, Door Opening Force
Door opening force under differential pressure can be calculated as shown in Figure 26 (2009
NFPA 92_A Figure A.5.2.2), above. Door closer force can vary greatly based on the size and
weight of the door, hardware, as well as the closer mechanism itself. The 2010 NFPA 80
(Standard for Fire Doors and Other Opening Protectives) does not provide a standard for door
opening or closing forces. The 2010 Americans with Disabilities Act specifies a 5-lbs maximum
force for opening of doors (§404.2.9), but this excludes fire doors and exterior doors. As a
conservative estimate, this force will be doubled (10-lbs) and applied to the above equation as Fc
in Table 25.

Scenario
Summer Stack
Winter Stack
Summer Wind
Winter Wind

Table 25, Resultant Door Opening Forces
Stairwell
Floor
D.P. Force
Closer Force
West
2
14.593 lbs.
10 lbs.
West
17
13.819 lbs.
10 lbs.
West
2
14.593 lbs.
10 lbs.
West
17
13.164 lbs.
10 lbs.

Total Force
25 lbs.
24 lbs.
25 lbs.
23 lbs.

The door opening force for each of the highest-pressure differential doors, for each of the worstcase scenarios discussed above, does not exceed the 30-lb maximum prescribed by the local
amended code.
The door opening forces were not calculated for the ground floor exit doors, as these doors swing
outwards. The pressure differentials built up at the bottom of the stairwells assist in the opening
of the doors against the closer force, which make them typically very easy to open. The problem
with the discharge doors is the required number of door closers to close and latch the doors while
the stair pressurization systems are operating. An excessive number of door closers can result in
high door opening forces when the stair pressurization systems are not in operation for the
discharge doors. This case, however, is not part of the scenario analysis required by Code.
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Contam Model Results
Overall, the stair pressurization systems serving the facility have been designed such that actual
installed door closer forces notwithstanding, the system complies with the intent of the local
building and mechanical codes. The commission report of the stairwell pressurization system
(Appendix B) shows that the stair pressurization system was able to be balanced within code
limits for minimum door differential pressures and door opening forces. The nominal weather
conditions are not noted in the commission report but given that the computer simulations
performed account for extreme temperature and wind condition, it is assumed that the stair
pressurization system as installed could be balanced under the modeled conditions detailed
herein.
The stair pressurization systems were shown to be functional. This has confirmed the first portion
of the performance-based analysis is confirmed. Knowing that the means of egress that serve
the hotel tower are functional, the DETACT Model will be reviewed next to determine the time
required from ignition of the fire until sprinkler activation.

DETACT Model
An Excel DETACT simulation was also conducted for the design fire, to determine the time from
ignition to activation of a heat detector. The goal of this simulation was to determine the time
from ignition of the fuel package to the activation of the closest heat detector. The criteria for
this analysis was determined utilizing the Allen + Philp as-built plans (Allen + Philp Architects),
which contain as-built sprinkler drawings prepared by Desert Fire, as well as the above selected
Fire Scenario 3.
A 500-kW fire was placed as close as possible to the means of egress, while still being as far as
possible from the sprinkler coverage within the area. The distance from the fire to the closest
sprinkler head was determined to be a radial distance of 4-feet to the center of the fire to the two
(2) closest sprinklers from the plans noted above. Quick Response Viking VK302 5.6K factor
sprinklers, with a Response Time Index (RTI) of approximately 90.5 (ft*s)^0.5 were used in the
calculation spreadsheet.
The results of the DETACT model indicates that a sprinkler placed at the specified radial distance
of 4-ft from the center of the mattress fire will reach the required activation temperature of 155°F
(68.33°C) within 83 seconds of ignition of the fire. The activation time of 83 seconds is indicated
on the DETACT curve on the following page (Figure 27) as a red line. This corresponds to an
activation temperature of 68 degrees shown on Table 26 on the following page and in the
DETACT curve.
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Figure 27, Scenario 3 HHR Curve - Sprinkler Activation Indicated at Line (83 Seconds)

Table 26, Scenario 3 DETACT Model Sprinkler Activation
Time
(seconds)

HRR
(kW)

Gas Temp
(C)

Gas Velocity
(m/s)

Detector Temperature
(C)

dT/dt
(°C/s)

78

285.9

107.8

1.69

62.08

1.1869

80

300.8

110.8

1.72

64.46

1.2137

82

316.0

113.8

1.74

66.88

1.2399

84

331.6

116.9

1.77

69.36

1.2654

86

347.6

120.0

1.80

71.89

1.2903

88

364.0

123.1

1.83

74.48

1.3146

DETACT Model Results
Based on the timeframe for activation of a sprinkler as calculated by the DETACT model, an
ignition to detection time (Td) of 83 seconds will be utilized in further modeling to determine if the
life safety systems serving the facility are sufficient for safely exiting the occupants. The upper
heat release rate immediately around the sprinkler activation temperature was chosen to ensure
sprinkler activation within the subsequent models; this will result in a sprinkler limited fire size of
331.6 kW, that will not be suppressed and continue to burn and produce soot throughout the
simulation. This HRR curve is shown on the following page (Figure 28).
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Sprinkler Limited HRR Curve
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Figure 28, Sprinkler Limited HRR Curve

The HRR curve shown above will be utilized as the basis for the Pyrosim model, which will follow
the analysis of the Pathfinder model. The Pathfinder model will be the next topic of discussion
and will establish one of the components of the Required Safe Egress Time.

Pathfinder Model
The third analysis that was considered as a part of the performance-based analysis of The
Berkley was the egress system serving the facility. The building was modeled in Pathfinder,
developed by Thunderhead Engineering, to model the total egress time for the occupants of the
building. The total occupant load under consideration consists of fully loaded 18th, 17th, and 16th
floors within the tower, for a total occupant load of 244. A model of the facility with the desired
floors loaded is shown in Figure 29 on the following page.
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Figure 29, Pathfinder Model, 0.0s
Utilizing the time required to activate the sprinklers adjacent to the fire as a baseline for the time
required from ignition to detection (as determined in the DETACT model), T d was set at 83
seconds. NFPA 72 Section 17.12.2 requires a maximum time of 90-seconds of waterflow for
alarm signaling (Tn), which was utilized as a worst case for the detection to notification time (Tn).
The SFPE Handbook Table 64.4 was reviewed for pre-movement times to determine a
reasonable amount of time to be utilized for the model. Only two high-rise hotel examples of premovement time (Te-p) were provided, and neither one of those had a properly annunciating fire
alarm system. A high-rise apartment building with non-compromising weather conditions (such
as snow or rain) was selected from SFPE 5th Edition Table 64.4 for comparable data for this
analysis. The data provided in Table 27 below only allowed for a uniform distribution of human
behavior, as the entire data set was not provided which would allow for a more accurate normal
distribution of behavior to be utilized.
Table 27, SFPE Handbook Table 64.4 - Delay Times Derived from Actual Fires

Based on the data above, the Te-p time was input as a uniform distribution; a normal distribution
would be more accurate for occupant movement, but enough data was not available through the
reference material to determine the required standard deviation of pre-movement time. Even so,
utilization of a uniform distribution results in a more conservative model, as a uniform distribution
has more occupants exiting later when a fire event occurs. It should be noted, that occupants are
considered exited from a facility in Clark County upon entry into a smokeproof enclosure. The
exiting of all occupants into smokeproof enclosures took approximately 360 second from
activation of the alarm system for all occupants to enter a smokeproof enclosure. The simulation
continued to run until all occupants had completely discharged the facility, which took a total time
of approximately 534 seconds from activation of the alarm signal.
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Pathfinder Model Results
Utilizing Pathfinder modeling with SFPE movement speeds (as pre-defined within Pathfinder),
pre-movement times (Te-p) and movement times (Te) to the smokeproof enclosures and exit
discharges were modeled. The total time for occupants to reach a smokeproof / exit enclosure,
utilizing the DETACT data, NFPA 72 requirements, and the Pathfinder model with SFPE study
data for occupant movement as a result of notification was determined to be:
83 seconds (Td) + 90 seconds (Tn) + 360 seconds (Te-p + Te) = 533 seconds
RSET can now be compared to ASET, as determined by the Pyrosim model below.

FDS / Pyrosim Model
The final simulation conducted was the design fire obstructing a means of egress. All surfaces in
the design model were designed as adiabatic. This fire was programmed to output soot particles
from a polyurethane fire as specified in the SFPE Handbook, Table A.39 (Table 28, below), and
was pre-programmed into Pyrosim, to model the Available Safe Egress Time (ASET) to compare
against the previously determine RSET.
Table 28, SFPE Handbook Table A.39

If the RSET is found to be less than the ASET, it is reasonably assured that the occupants can
safely exit the facility.
A tenability criterion of visibility was selected based on SFPE Table 63.5 (Table 29, below), of an
Optical Density / Meter of 0.33.
Table 29, SFPE Handbook Table 63.5 – Reported Effects of Smoke on Visibility and Behavior
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The selected tenability criterion, when converted to measurable distance, results in an
approximate visible distance criterion of just 3 meters (9.8-ft). With a visible distance of 3 meters,
at least 30% of occupants will not proceed into the fire, and the remaining occupants will be
traveling at ¼ their normal speed. A total fire output of 323 kW (as determined by the DETACT
model) was utilized for the fire; this was input into Pyrosim as a total HRR of 110.5 kW/m2, with a
mattress area of 3.0 m2. Layouts of the 17th and 18th floors are shown below for reference (Figure
30, below, Figure 31, following page). The areas modeled in FDS / Pyrosim are highlighted in
yellow on Figures 30 and 31.

N
Figure 30, 17th Floor
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N
Figure 31, 18th Floor

FDS / Pyrosim Model Results
At Td, the visibility within the corridor reached a limit of 3-m for most of the east half of the corridor
where the fire originated, as shown in Figure 32, below.

Figure 32, Visibility at Td (83 seconds)
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At Tn (173) seconds, the 3-meter (9.8-ft visible distance) smoke plume had spilled into the 18th
floor opening, and approximately 1/3 of the 17th floor corridor (Figure 33, below).

Figure 33, Visibility at Tn (173 seconds)

At 365-seconds, the visibility within the corridor as reached a limit of 3-m for the entire west
corridor on the 17th floor and approximately 2/3 of the east corridor (Figure 34, below).

Figure 34, 17th Floor Visibility Limit (365 seconds)
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At a time of 441 seconds, visibility within the corridor has reached the 3-m limit
throughout the 18th floor (Figure 35, below).

Figure 35, 18th Floor Visibility Limit
The comparison of the DETACT/Pathfinder and FDS/Pyrosim simulations results in a total time of
92 seconds where occupants will be exiting in an environment that would be considered
untenable as they cannot see where they are walking and/or crawling, moving at 25% of the
normal exiting speed.
At 92 seconds before the completion of the Pathfinder model (at 268 seconds in the Pathfinder
Model, 441-seconds since the start of the fire) shows that a total of 6 occupants are still within a
corridor exposed to smoke, attempting to reach a smokeproof enclosure A screen capture from
this model is shown on the following page (Figure 36).
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Figure 36, Occupants Remaining at 441 Seconds After Ignition
The tenability limits for Carbon Monoxide and Temperature were also briefly reviewed for this
project. A simple model of Carbon Monoxide (CO) exposure was consulted from the SFPE
Handbook, Table 63.9 (Table 30, below), and compared to a CO slice file generated from the
Pyrosim Model.
Table 30, SFPE Handbook Table 63.9 – Simple CO Exposure
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Figure 37, Maximum CO Concentration at End of Simulation
CO concentration was determined to be a maximum of 0.0009 mol/mol, which is 900 ppm, as
shown in Figure 37, above. With a maximum exiting time of 80 seconds, from the most remote
room based on a blocked means of egress, this would result in a ppm*min dose, based on light
activity, of approximately 1808 ppm*min. This is well below an incapacitating dose based on
SFPE Handbook Table 63.9 (Table 30, previous page).
Additionally, a temperature tenability table was consulted from the SFPE Handbook (Society of
Fire Protection Engineers), Figure 63.28 (Figure 38), which is shown below.

Figure 38, SFPE Handbook Figure 63.28 – Tolerance Time for Exposure to Convected Heat
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The temperature distribution at the end of the Pyrosim model was determined to be a gradient
between 50 C and 120 C within the east half of the 17th floor corridor. The temperature within the
west corridor of the 17th floor and east corridor of the 18th floor was approximately 26 C, as shown
in Figure 39.

Figure 39, Temperature Distribution in 17th Floor Corridor at End of Simulation

Based on Figure 39 shown above, the limit for tenability based on temperature should be
considered to be 121 C, as people would experience skin pain at this point, and be hesitant to
proceed when experiencing these conditions.
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PERFORMANCE ANALYSIS SUMMARY
Utilizing as much relevant data as possible from SFPE and other published sources, a worst-case
fire scenario was developed for the performance based-analysis.
The Contam model was utilized to verify the design and operation of the stairwell pressurization
system serving the two smokeproof exit enclosures provided within the tower; under the worstcase weather conditions this design was additionally validated by the commissioning agents that
visually inspected the tower smokeproof enclosures during a variety of scenarios.
The DETACT model served as a basis for the time to detection from time of ignition for the design
fire. The DETACT model is a reasonable approximation that is widely accepted for heat detector
activation, based on ceiling height, radius to fire, and sprinkler characteristics. Unknowns not
typically taken into consideration are surrounding room width, as well as other ceiling or wall
features that may impact activation time. The corridor in question is slightly wider than the
distance to the sprinkler head from the center of the fire, making it approximately square to the
heat detector; this provides for a more even heat distribution from the fire to the detector and
prevents funneling to increase the rate of detection. The DETACT model, however, utilized a
point source for fire modeling, and does not consider large surface fires, which can be more
accurately modeled in Pyrosim.
The Pathfinder model was utilized to determine the exiting time of the occupants of the 16th, 17th,
and 18th floors, after activation of an alarm on the 17th floor. The ignition to device initiation time,
as well as the worst-case device initiation to alarm signal time were utilized in this model. As
comparable hotel / condo data was not available (the SFPE handbook had data for two hotel
towers with improperly functioning fire alarm systems), data was utilized for a comparable IBC R2 classification for highrise apartment buildings. In addition, a normal distribution was not
capable of being simulated, as the available date was only capable of producing a uniform
distribution of occupant pre-movement time.
The Pyrosim model was computed to determine the ability of occupants to exit the tower during
the specified scenario. The Pyrosim model was compared to the modeling of the exit time of the
occupants for the given scenario utilizing Pyrosim and the response time of the sprinkler system
using an Excel DETACT model. As noted previously, Pyrosim can more accurately model the
activation of a heat detector for large surface fire. The simulation, however, is only as accurate
as the data programmed into it. Using adiabatic surfaces results in faster fire growth and smoke
progression than would normally be seen, as no heat is absorbed into the surrounding surfaces.
In addition, all parameters of the fire, including fuel composition and resultant species, need to be
programmed in appropriately. This simulation did not include a sprinkler extinguished fire, but a
sprinkler limited fire, as this is more conservative. The fuel package was also assumed to
continue burning until all occupants had exited.
As all of the data utilized for this scenario was biased towards the conservative end, and the
facility had already met the code requirements of the jurisdiction, having only 2% of the occupants
required to either shelter in place or exit into untenable conditions should be considered a
successful design, as the facility was designed and constructed entirely prescriptively, with no
performance based design being performed for any conditions.
As with any simulations, it can only perform well if programmed properly, and cannot reveal new
behaviors or interactions that are beyond its programming. The results from simulations can be
used as re-enforcement for a code compliant design, or as justification for code alternates, but
both should be closely scrutinized for proper setup and referenced data.
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CONCLUSIONS & RECOMMENDATIONS
The Berkley (aka, the Silverton Timeshare Tower) was constructed as a timeshare and limited
use hotel for the adjacent Silverton Casino. Prescriptive code requirements were utilized to
construct the facility, as it did not present any unusual challenges requiring alternate means and
methods or other performance based-modeling. The highrise provisions of the facility include
such requirements as local smoke removal provisions, as well as smokeproof enclosures with
local amendments for stairwell pressurization systems. Through review of the various associated
documents, all of these systems were provided and found to be functioning properly at the time
the building was constructed. Based on the selected occupancy classification for the facility, the
structural fire resistance requirements were found to be satisfactory for the intended use, height,
and area of the building. Interior finishes for the facility were found to be of the types that would
reliably be in compliance with the finish requirements of Chapter 8. Fixtures, Furnishings, and
Equipment are not regulated by the local jurisdiction and were not review in this analysis. The
Egress systems serving the facility that were reviewed appear to be in compliance with the
required code sections, providing adequate means of egress for the occupants, based on code.
The Suppression and Fire Alarm systems installed in the building, through a thorough review,
were noted as being compliant with the requirements of NFPA 72. The facility was provided with
Smoke Control and Smoke Removal systems, as modified by the local Clark County
requirements. These systems were found to be designed in a sufficient manner so as to satisfy
the requirements of IBC Sections 909.20 and 403.4.7, respectively.
Emergency Power was shown to be provided for the facility through the installation of battery
operated backup systems, as well as the installation of a diesel-powered generator installed in an
enclosure separated from the main facility. The elevator systems serving the facility were found
to be compliant with the 2012 IBC requirements regarding lobbies and hoistway ventilation, as
well as the local requirements for stretcher sized elevators for highrise buildings. As such, it is
viewed as a code-compliant and safe facility, given the normal levels code compliance, as
determined by jurisdictional oversight and inspections during construction.
The performance-based analysis performed for this report was an exercise in finding a
reasonable worst-case scenario and understanding how the code compliant life-safety systems
would function under duress. Three fire scenarios were considered for the performance-based
analysis. The mattress fire in a residential suite was dismissed as it did not impact a significant
number of occupants. The table and chair scenario was dismissed as the sales center contains
an excessive number of exits and all occupants would be awake, including trained staff. The third
scenario, a luggage fire blocking a means of egress on the 17th floor was selected as it impacts a
large number of occupants and presents a significant fire hazard. The scenario was modified
utilizing materials that would be readily available within the facility; the scenario was revised to
include a maximum heat release rate of 500 kW for a polyurethane mattress. A Contam model
was developed to determine that the stair pressurization systems serving the facility would
function properly. Through the development of the Contam model, it was shown that, under worst
case weather conditions, the stair pressurization system could achieve the require 0.1 inches of
water column pressure differentials at the stair doors, while still discharging 2,500 CFM through
each associated stairwell barometric relief and maintaining door opening forces under 30-lbs. A
DETACT model was then developed based on this scenario to determine activation time of the
closest sprinklers to the fuel package, blocking a means of egress within the public corridor on
the 17th floor. Assuming ignition occurs at the fuel package, A sprinkler limited fire scenario
producing soot that will limit visibility as a tenability criterion was modeled. The DETACT model
showed that the sprinkler system would activate at approximately 83-seconds from ignition. The
results of the DETACT model were utilized as a component of the ASET. In addition, a worstcase retard time of 90-seconds for the waterflow switch monitoring the sprinkler system serving
the 17th floor was utilized. A Pathfinder computer model was then performed to determine the
RSET for the occupants involved in the fire scenario. The occupants within the Pathfinder model
were assumed to be sleeping, utilizing occupant behavior data from the SFPE Handbook to
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determine their response to the fire alarm system. An FDS / Pyrosim model of the selected fire
scenario was then performed, utilizing the selected visibility criteria. Based on the time to
untenability as determined by the FDS / Pyrosim model, the Pathfinder model has shown that
98% of the occupants can exit the facility before all areas affected by smoke reach a limit where
occupants would turn back from the smoke; in this building, that would amount to a shelter in
place situation.
In conclusion, the facility performs well from a performance-based perspective, when tested
against the prescriptive requirements by which it was built, based on the codes of record. All
construction documents, upon review, appear to be correct, with the exception of exit sign
placement distance and ceiling mounted speaker distances (based on local dB requirements).
Additional exit signs should be installed within all of the tower floors from the second level and
above to provide compliant signage. Given the low visibility levels achieved by the performancebased analysis fire, properly locating exit signs is critical. In addition, performance calculations or
audibility analyses should be performed to verify the requisite dB levels can be achieved within
the hallways of the facility. All commissioning documentation that was available points to the
facility construction and life-safety systems operation to be code compliant.
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